Introduction
============

Psoriatic arthritis (PsA) is a chronic, potentially debilitating and deforming inflammatory arthritis that occurs in an estimated 6--41% of individuals with a history of skin psoriasis (PSO).[@b1-ptt-8-031] In 1973, Moll and Wright[@b2-ptt-8-031] outlined five clinical phenotypes of PsA, including distal interphalangeal joint arthritis, peripheral oligoarthritis, peripheral polyarthritis, axial arthritis (sacroiliitis or spondylitis), and arthritis mutilans, proposing the first classification criteria for this disease. The criteria included the presence of an inflammatory arthritis, either peripheral or axial, occurring in a patient with PSO who usually had a negative test for rheumatoid factor in the serum. Presently, the classification criteria developed by the Classification Criteria for Psoriatic Arthritis (CASPAR) Study Group are the most widely used entry criteria for enrollment in clinical trials in PsA.[@b3-ptt-8-031] Individual criteria are as follows: personal history or family history of PSO, juxta-articular new bone formation on radiography, dactylitis, psoriatic nail disease, and a negative rheumatoid factor.[@b3-ptt-8-031] All components are worth one point with the exception of a current history of PSO, which is worth two points.[@b3-ptt-8-031] A score of ≥3 has a sensitivity exceeding 90% and a specificity approaching 100% for identifying individuals with PsA.[@b3-ptt-8-031]

Management through 2016
-----------------------

Historically, the treatment of PsA has involved the use of nonsteroidal anti-inflammatory drugs (NSAIDs), glucocorticoids, and conventional disease-modifying antirheumatic drugs (cDMARDs). Ash et al[@b4-ptt-8-031] performed a systematic literature review as a part of the development of the 2012 European League against Rheumatism (EULAR) recommendations for the management of PsA. In this review, it was concluded that NSAIDs were efficacious in patients with PsA and that methotrexate (MTX), sulfasalazine, cyclosporine, and leflunomide were effective for peripheral arthritis.[@b4-ptt-8-031] Unlike in rheumatoid arthritis (RA), these drugs have not been shown to modify disease progression.[@b5-ptt-8-031],[@b6-ptt-8-031] Furthermore, there is little evidence available on the effectiveness of cDMARDs on dactylitis, enthesitis, or axial disease.[@b7-ptt-8-031] The class of parenterally administered biologic disease-modifying agents (bDMARDs) known as tumor necrosis factor inhibitors (TNFis) was first studied in the early part of this century and was included in the 2012 EULAR recommendations where they were recommended in PsA patients with predominant axial disease, severe enthesitis or after treatment failure with NSAIDs, and at least one cDMARD.[@b8-ptt-8-031] After failing TNFi therapy, only up to 40% of individuals will respond to a second TNFi drug, illustrating the need for new targets in the treatment of PsA.[@b9-ptt-8-031]

The EULAR recommendations were updated in 2015 to reflect the availability of the orally administered targeted synthetic DMARD apremilast, a phosphodiesterase 4 inhibitor, and the new bDMARDs such as secukinumab and ustekinumab that target the interleukin-17 (IL-17) and interleukin-12/23 (IL-12/23) pathways, respectively.[@b10-ptt-8-031]--[@b13-ptt-8-031] The Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) also published recommendations for the treatment of PsA in 2016; the major differences were the latter's inclusion of dermatologists and the focus on specific domains of involvement such as peripheral arthritis, axial disease, enthesitis, dactylitis, nail disease, and skin disease.[@b7-ptt-8-031] There have been two subsequent studies commenting on the similarities and differences between these recommendations.[@b14-ptt-8-031],[@b15-ptt-8-031]

The role of abatacept
---------------------

The T cell plays an integral role in the pathogenesis of PsA and has been studied as a potential pharmacologic target.[@b16-ptt-8-031],[@b17-ptt-8-031] Abatacept is a naïve T-cell activation inhibitor that has been approved for the treatment of RA in both Europe and the United States for over a decade.[@b18-ptt-8-031] Data from a large Phase III randomized controlled trial (RCT) of 424 patients with PsA failing conventional therapy support the use of abatacept in the treatment of PsA.[@b19-ptt-8-031] This article reviews the role of the T cell in the pathophysiology of PsA and the current data on abatacept in PsA with consideration for disease phenotypes and extra-articular manifestations.

The T cell and PsA pharmacotherapy
==================================

The pathogenesis of PsA is complex, multifactorial, and not fully understood. Recently, Ritchlin et al[@b20-ptt-8-031] published an article in the *New England Journal of Medicine* noting clear genetic predispositions, mediated by class I major histocompatibility complex (MHC) antigens as well as polymorphisms in genes encoding the IL-23 receptor and nuclear factor kappa B, and environmental risk factors including obesity and prior joint trauma as key factors in the pathophysiology of PsA. Although PsA occurs in individuals with a personal or strong family history of PSO, not all patients with PSO develop PsA illustrating that that these conditions may have similar but varying underlying pathogeneses.

T-cell-released IL-17 has been identified as a proinflammatory and osteoclastogenic cytokine in the pathogenesis of PsA.[@b21-ptt-8-031],[@b22-ptt-8-031] In 2014, Menon et al[@b21-ptt-8-031] published a small study providing evidence that IL-17-producing T cells, mainly CD8^+^ T cells, are elevated in the synovial fluid of those with PsA compared to RA. This study also found that the presence of elevated IL-17-producing CD4-negative T cells correlated with elevated inflammatory markers, active synovitis, and erosive disease.[@b21-ptt-8-031] These findings suggest that IL-17-producing CD4-negative T cells are the major drivers of disease activity in PsA.[@b21-ptt-8-031] These findings are in contrast to a 2012 study by Raychaudhuri et al[@b23-ptt-8-031] who illustrated that CD4^+^ T helper cells were the major producer of IL-17. These conflicting reports of whether IL-17 is predominately produced by CD4^−^ or CD4^+^ cells were attributed to different stimulation protocols used in these two notable studies.[@b21-ptt-8-031] These results illustrate the central role of IL-17-producing T cells (Th17) in the pathogenesis of active PsA.

TNF and IL-23/IL-17 pathways have been targeted successfully in the treatment of both PSO and PsA.[@b20-ptt-8-031] Secukinumab and ixekizumab are IL-17-targeted biologics currently approved in the United States for the treatment of PsA.[@b24-ptt-8-031],[@b25-ptt-8-031] Ustekinumab, although not a direct IL-17 target, inhibits the IL-12/IL-23 pathway, which leads to decreased Th17 cytokine production and IL-17 release.[@b26-ptt-8-031] TNFi drugs have been shown in some studies to decrease T-cell infiltration of the synovium of those with PsA, which is potentially one of the pathways enabling drug efficacy, along with proinflammatory cytokine inhibition.[@b27-ptt-8-031] Of note, greater improvements in PSO than in PsA have been seen with the use of anti-IL-17 and anti-IL-23 biologics, in contrast to the use of TNFi where efficacy on joint and skin diseases appears to be equal.[@b28-ptt-8-031]

T-cell inhibitor alefacept has demonstrated statistically significant improvements in the American College of Rheumatology 20 (ACR20) response, a valid, reliable, and responsive arthritis outcome measure, when compared with placebo.[@b29-ptt-8-031] Unlike abatacept that inhibits naïve T-cell activation, alefacept selectively targets memory T cells through the inhibition of the CD2 co-stimulatory pathway.[@b29-ptt-8-031],[@b30-ptt-8-031] In a 2006 study, 185 patients with PsA were randomized to receive either alefacept with concomitant MTX or placebo with MTX.[@b29-ptt-8-031] At week 24, the ACR20 response was 54% in the alefacept group compared to 23% in the placebo group (*P*\<0.001).[@b29-ptt-8-031]

Abatacept mechanism of action and use in RA
===========================================

Abatacept is a cytotoxic-T-lymphocyte-associated antigen 4 (CTLA-4)--Ig human fusion protein that inhibits naïve T-cell activation.[@b30-ptt-8-031] The first signal needed for T-cell activation occurs after the binding of the T-cell receptor on the naïve T cell to the MHC molecule on the antigen-presenting cell (APC).[@b31-ptt-8-031] CD28 is present on naïve T cells and, when bound to CD80 or CD86, located on the APC, produces a co-stimulatory second signal activating the naïve T cell.[@b32-ptt-8-031] CTLA-4 is expressed on regulatory T cells (Tregs) and, when bound to CD80/CD86, prevents the co-stimulatory binding of CD28.[@b33-ptt-8-031]

CTLA-4--Ig fusion molecule, abatacept, has been studied and proven to be effective in RA and select patients with juvenile idiopathic arthritis (JIA).[@b34-ptt-8-031],[@b35-ptt-8-031] The use of abatacept in both MTX-naïve early erosive RA and MTX-resistant RA has resulted in significant improvements in disease activity, functional status, and radiographic progression when compared with MTX-alone placebo arms.[@b34-ptt-8-031],[@b36-ptt-8-031] Similarly, abatacept has demonstrated effectiveness in the treatment of moderate-to-severe RA in patients failing TNFi therapy.[@b32-ptt-8-031]

Abatacept is available in both a weight-based, monthly intravenous (IV) infusion and a fixed-dose weekly subcutaneous (SQ) injection.[@b37-ptt-8-031] IV and SQ abatacept appear to have similar efficacy profiles.[@b38-ptt-8-031] Abatacept is generally well tolerated for use as monotherapy or in combination with cDMARDs.[@b38-ptt-8-031],[@b39-ptt-8-031]

Abatacept use in PsA
====================

There are two key studies available in the literature that illustrate the effectiveness of abatacept in the treatment of patients with moderate-to-severe PsA and active PSO failing DMARD therapy. The 6-month, Phase II RCT published by Mease et al[@b40-ptt-8-031] in 2011 included 170 participants who fulfilled CASPAR criteria for PsA and were randomized 1:1:1:1 to receive IV abatacept at three different dosing regimens or placebo. Those who received abatacept were randomized to one of the following dosages: abatacept 3, 10, and 30/10 mg/kg; the latter was given as a 30 mg/kg loading dose followed by 10 mg/kg every 28 days.[@b40-ptt-8-031] The loading dosages were administered at days 1, 15, and 29 after which abatacept was given on a 28-day schedule for a total treatment time of 6 months.[@b40-ptt-8-031] At month 6, all participants received open-label abatacept at 10 mg/kg for an additional 18 months.[@b40-ptt-8-031]

The participants were required to have DMARD-resistant disease.[@b40-ptt-8-031] In particular, MTX was considered as failure if used at ≥15 mg/week for a minimum of 2 months.[@b40-ptt-8-031] When assessing ACR response, patients were stratified based on previous TNFi use.[@b40-ptt-8-031] Only stable doses of MTX, NSAIDs, and corticosteroids at ≤10 mg were allowed in the study.[@b40-ptt-8-031]

The percentage of participants who met the primary endpoint (ACR20 response at day 169) was statistically significant in both the abatacept 10 mg/kg group (48%, *P*=0.006) and the 30/10 mg/kg group (42%, *P*=0.022) when compared with placebo (19%).[@b40-ptt-8-031] At the 10 mg/kg dose, more TNFi-naïve participants achieved an ACR20 response than the TNFi-exposed group (56 versus 31%).[@b40-ptt-8-031] Trends toward greater radiographic improvement, assessed by change in a modified Rheumatoid Arthritis Magnetic Resonance Imaging Scoring (RAMRIS) system, were seen by day 169 in those who had received abatacept compared to placebo.[@b40-ptt-8-031] Similarly, in assessing improvements in the quality of life and functional status, more participants who received abatacept (3 mg/kg \[36%\], 10 mg/kg \[45%\], and 30/10 mg/kg \[35%\]) achieved a minimum clinically important difference (MCID) of the disability index of the Health Assessment Questionnaire Disability Index (HAQ-DI) when compared with placebo (19%) by day 169.[@b40-ptt-8-031] Statistical analysis was not performed on these secondary endpoints due to the lack of power in this study.[@b40-ptt-8-031]

The Phase III ASTRAEA study assessed the efficacy and safety of SQ abatacept in 424 PsA participants who failed or were intolerant to at least one cDMARD.[@b19-ptt-8-031] All patients fulfilled CASPAR criteria and had both active peripheral arthritis and PSO.[@b19-ptt-8-031] Patients were randomized 1:1 to receive either a fixed dose of 125 mg abatacept SQ or placebo.[@b19-ptt-8-031] The randomized participants were further stratified by current use of MTX, prior use of TNFi(s), and extent of active PSO.[@b19-ptt-8-031] At week 16, those who failed to have ≥20% improvement in swollen and tender joint counts (TJCs) were switched to open-label abatacept for an additional 28 weeks.[@b19-ptt-8-031] All other participants remained in their randomized treatment arms until week 24 when they were switched to receive open-label abatacept for an additional 28 weeks.[@b19-ptt-8-031]

The primary endpoint was the ACR20 response at week 24.[@b19-ptt-8-031] Key secondary endpoints included improvement in physical function, lack of radiographic progression, and improvement in ACR20 response in TNFi-exposed versus TNFi-naïve subpopulations.[@b19-ptt-8-031] Additional secondary endpoints included ACR50 and ACR70 responses and ≥50% improvement in the Psoriasis Area and Severity Index (PASI50).[@b19-ptt-8-031]

The ASTRAEA study ([Table 1](#t1-ptt-8-031){ref-type="table"}) found that 39.4% of participants who received abatacept achieved the primary endpoint of ACR20 response at week 24 versus 22.3% of those who received placebo (*P*\<0.001).[@b19-ptt-8-031] After the open-label period from weeks 24 to 44, the ACR response rates of the placebo group became similar to the abatacept treatment arm.[@b19-ptt-8-031] The efficacy of abatacept was sustained through the extension period.[@b19-ptt-8-031] Approximately 60% of participants in both placebo and treatment arms had a history of TNFi exposure.[@b19-ptt-8-031] When compared with placebo, less participants in the TNFi-exposed group (36.4 versus 22.3%, nominal *P*=0.012) achieved an ACR20 response than in the TNFi-naïve sub-population (44.0 versus 22.2%, nominal *P*=0.003).[@b19-ptt-8-031] Higher ACR20 responses were seen in those with baseline-elevated C-reactive protein (CRP) levels particularly in the TNFi-naïve subpopulation (50 versus 23.9% placebo).[@b19-ptt-8-031]

The first secondary endpoint tested in a prespecified hierarchical fashion was the HAQ-DI response defined by a ≥0.35 improvement from baseline HAQ-DI score by week 24.[@b19-ptt-8-031] A HAQ-DI response was achieved in 31% of those in the abatacept arm compared to 23.7% in placebo group, *P*=0.097.[@b19-ptt-8-031] This result did not reach statistical significance; consequently, statistical testing was not performed on the remaining secondary endpoints.[@b19-ptt-8-031] Most other secondary endpoints trended higher for those receiving abatacept including improvements in the quality of life assessed by the short form (SF-36) physical component summary and in radiographic progression assessed by the PsA-modified Sharp--van der Heijde score at week 24.[@b19-ptt-8-031]

Abatacept in the treatment of enthesitis, dactylitis, and other disease manifestations
--------------------------------------------------------------------------------------

In the ASTRAEA study, abatacept recipients had slightly higher improvements in PsA disease activity composite measures such as the Minimal Disease Activity (MDA) score (11.7 versus 8.1%), the Psoriatic Arthritis Disease Activity Score (PASDAS) (−1.78 versus −1.48), and the modified Composite Psoriatic Disease Activity Index (CPDAI) (−1.80 versus −1.53) when compared with the placebo arm.[@b19-ptt-8-031] There was also a higher proportion of those treated with abatacept who achieved complete resolution of enthesitis (32.9 versus 21.2%) and dactylitis (44.3 versus 34%) at week 24 when compared with placebo.[@b19-ptt-8-031] Neither the Mease et al[@b40-ptt-8-031] 2011 study nor the ASTRAEA study evaluated the effect of abatacept on nail disease and axial disease. A small study published in 2011 by Lekpa et al[@b41-ptt-8-031] evaluated the effects of abatacept in seven patients with a history of TNFi-resistant axial spondylitis (AS). There was no significant therapeutic benefit noted.[@b41-ptt-8-031]

Abatacept and plaque PSO
------------------------

A 1999 open-label Phase I, 28-week study of CTLA-4--Ig use in patients with PSO vulgaris, found that 19 of the 41 of those receiving CTLA-4--Ig experienced an improvement in the physician's global assessment of disease activity score at a minimum of 50%.[@b42-ptt-8-031] Histopathology testing showed that CTLA-4--Ig decreased epidermal thickness, hyperplasia, and T-cell infiltration of psoriatic lesions.[@b42-ptt-8-031] Surprisingly, in the ASTRAEA study, improvements in PSO, measured by the target lesion (TL) score and PASI response, were marginal when compared with placebo.[@b40-ptt-8-031] In the abatacept treatment arm, 26.7% achieved a PASI50 response compared to 19.6% of the placebo arm, nominal *P*=0.137.[@b19-ptt-8-031] When stratifying PASI50 response by the history of TNFi exposure, \~10% more TNFi-naïve patients (32.7 versus 19.6%) reached a PASI50 response at week 24 than the TNFi-exposed participants (23.1 versus 19.6%).[@b19-ptt-8-031] Of the TNFi-naïve population, there was an 8.4% difference in those who achieved a PASI75 response when compared with placebo (18.2 versus 9.8%).[@b19-ptt-8-031]

In the Mease et al 2011 study, there were more participants who achieved a PASI50/75, TL50/75, and investigator's global assessment response of "clear or almost clear" in the abatacept 3 mg/kg group than in any other treatment arm.[@b40-ptt-8-031] At day 169, the greatest difference compared to placebo was seen in the PASI50 response of 43% in the 3 mg/kg treatment arm compared to 29% in the 10 mg/kg arm, 35% in the 30/10 mg/kg arm, and 14% of the placebo arm.[@b40-ptt-8-031] Statistical analysis was not performed on these data.

Safety of abatacept
===================

In reviewing the incidence of adverse events in both the 2011 and 2017 abatacept in PsA trials, there is an overall low risk of infection.[@b19-ptt-8-031],[@b40-ptt-8-031] In the 2017 ASTRAEA study, there was one incidence of *Pneumocystis jirovecii* pneumonia, a serious, opportunistic infection.[@b19-ptt-8-031] The authors note that this participant had additional comorbidities including a history of tobacco use and chronic obstructive pulmonary disease (COPD) as well as recent use of high-dose glucocorticoids, which may have contributed to this development.[@b19-ptt-8-031] In the Phase II abatacept study, one episode of osteomyelitis and gastroenteritis was classified as drug-related serious adverse infections.[@b40-ptt-8-031]

Most of the long-term data of abatacept are derived from RA trials. Safety analysis of 4149 patients who received IV abatacept found the cumulative incidence of serious infections to be 2.87 per 100 patient-years compared to 2.60 in RA comparator cohorts.[@b43-ptt-8-031] Pneumonia, bronchitis, and urinary tract infections have been some of the most commonly reported serious infections.[@b43-ptt-8-031],[@b44-ptt-8-031] Most recommend tuberculosis (TB) screening prior to treatment initiation, although there is no clear risk of TB infection with abatacept.[@b43-ptt-8-031] Observational studies have not found evidence that abatacept is directly teratogenic or carcinogenic.[@b43-ptt-8-031]--[@b45-ptt-8-031] Antiabatacept antibodies have been found in a small number of patients treated with abatacept without any significant effect on drug tolerance or efficacy.[@b46-ptt-8-031] In individuals with a history of COPD, abatacept has been associated with an increased risk of respiratory infections and COPD exacerbations.[@b39-ptt-8-031] Abatacept should be used with caution in those with a history of recurrent infections, COPD, active pregnancy, or malignancy. Interestingly, data from RA patients estimate the development of treatment-related PSO at an incidence rate of \<0.6 in those treated with abatacept.[@b43-ptt-8-031],[@b44-ptt-8-031]

Discussion
==========

In recent years, some experts have recommended that clinicians use a patient-specific, treat-to-target approach to achieve clinical remission and/or inactivity in PsA.[@b47-ptt-8-031] With consideration of the PsA disease spectrum and data from two key RCTs, abatacept may be considered for the treatment of peripheral joint symptoms in individuals with PsA failing cDMARDs.[@b19-ptt-8-031],[@b40-ptt-8-031] The greatest improvements are likely to be seen in those who are TNFi naïve and have elevated CRP levels.[@b19-ptt-8-031]

A higher proportion of those who received IV abatacept at the standard RA dosing in the Mease et al 2011 study achieved the primary endpoint when compared with placebo (48 versus 19%) than those who received SQ abatacept in the ASTRAEA study (39.9 versus 22.3%).[@b19-ptt-8-031],[@b40-ptt-8-031] In comparing study populations, there were more participants in the ASTRAEA study who had PSO affecting ≥3% body surface area (BSA) at baseline (\~70 versus \~20%) and a history of TNFi exposure (\~60 versus \~38%) when compared with the Mease et al 2011 study.[@b19-ptt-8-031],[@b40-ptt-8-031] Baseline swollen joint count (SJC) and TJC were similar among the two studies along with the proportion of participants on concomitant MTX and/or systemic corticosteroid.[@b19-ptt-8-031],[@b40-ptt-8-031]

The ACR20 response, defined as a 20% improvement in SJC and TJC as well as meeting three of the five ACR core measures, was originally created to assess disease activity in RA.[@b48-ptt-8-031] The ACR20 response has since been adopted for use as a disease activity marker in PsA, serving as the primary endpoint in most major RCTs. In reviewing individual components of the ACR20 response, particularly the mean change in SJC and TJC, there were only modest improvements when compared with placebo although all components of the ACR20 response trended higher than placebo. The more stringent ACR50, defined by a 50% improvement in the ACR criteria, and ACR70, defined by a 70% improvement in ACR criteria, were key secondary endpoints of the ASTRAEA trial. Neither the total population nor the TNFi-exposed and TNFi-naïve subpopulations demonstrated a notable difference in the ACR50 and ACR70 responses when compared with placebo.[@b19-ptt-8-031]

Composite measures such as MDA, PASDAS, and CPDAI have been developed to provide a more comprehensive assessment of disease activity with the inclusion of various manifestations seen in PsA such as enthesitis and dactylitis. These composite measures were used as secondary endpoints in the ASTRAEA study, and by week 24, there were only modest improvements when compared with placebo.[@b19-ptt-8-031] Similar small differences were seen in the resolution of enthesitis and dactylitis as well as in slowing radiographic progression in the abatacept treatment group.[@b19-ptt-8-031]

In the 2011 study by Mease et al, higher doses of abatacept did not produce a dose--response effect in the treatment of PSO.[@b40-ptt-8-031] With the use of abatacept 125 mg SQ weekly, only minimal improvements in the PASI75 response were seen when compared with placebo.[@b19-ptt-8-031] In the 1999 Phase I open-label trial by Abrams et al,[@b42-ptt-8-031] CTLA-4--Ig at 25 and 50 mg/kg achieved higher improvements in PSO than in the lower doses used in this study. Of note, the administration of CTLA-4--Ig was given at a more frequent infusion schedule than what is currently approved for the treatment of PsA and RA.[@b42-ptt-8-031] Higher doses of both IV and SQ abatacept may be needed to achieve greater clinical improvements in skin disease. Abatacept is not approved for the treatment of PSO at this time.

Abatacept treatment efficacy and PsA pathogenesis conclusions
-------------------------------------------------------------

Biologics targeting the TNF and IL-23/IL-17 pathways have been found to have the broadest therapeutic range across the spectrum of disease seen in PsA, including efficacy on AS and PSO.[@b7-ptt-8-031],[@b10-ptt-8-031] It is widely accepted that T cells are crucial in the pathogenesis of both PSO and PsA.[@b28-ptt-8-031] A subset of T cells known as Th17 cells play a central role in mediating the inflammatory response, osteoproliferation, and keratinocyte proliferation through the secretion of IL-17 and IL-22.[@b20-ptt-8-031],[@b28-ptt-8-031] Inhibition of naïve T cells, the precursor cell to Th17 cells, failed to demonstrate similar broad efficacy as seen with the currently available IL-23/IL-17 pathway targets.[@b28-ptt-8-031] One possible explanation is that abatacept use does not result in full T-cell inhibition. There are several other molecules that can activate T cells including lymphocyte function-associated antigen-1 (LFA-1), CD2, and CD6.[@b18-ptt-8-031]

A small 2017 study by Szentpetery et al[@b33-ptt-8-031] of 15 biologic-naïve PsA patients who received IV abatacept found that there were notable improvements in musculoskeletal symptoms and minimal improvements in PSO. The researchers found that with abatacept use, expression of CD4-positive fork head box transcription factor (FOXP3)-positive Tregs was decreased in the synovium but not in psoriatic lesions of study patients.[@b33-ptt-8-031] These findings support the notion that PsA and PSO have similar but divergent pathways driving disease activity, which are likely contributing to abatacept's varied efficacy.

Abatacept's effectiveness in comparison to other approved biologic drugs
------------------------------------------------------------------------

The 2015 EULAR guidelines named TNFi(s) as the first-line biologic class of choice in the treatment of PsA.[@b10-ptt-8-031] This recommendation was based on better defined long-term data and clinician familiarity.[@b10-ptt-8-031] In the treatment of PsA, there are no head-to-head studies comparing drug-to-drug efficacy of abatacept with other available bDMARDs. An indirect comparative study published by Ungprasert et al[@b49-ptt-8-031] found that there was a higher chance of achieving an ACR20 response with etanercept, infliximab, adalimumab, golimumab, and secukinumab compared to certolizumab, ustekinumab, and apremilast. Similarly, in 2017, a systematic review and network meta-analysis published in *Rheumatology International* comparing non-TNFi agents identified eight RCTs that provided data over a 16--24-week period.[@b50-ptt-8-031] In both the overall and the TNFi-naïve populations, abatacept and secukinumab were considered more efficacious than both ustekinumab and apremilast.[@b50-ptt-8-031] Abatacept and apremilast were considered the least efficacious for improvement in PSO; neither of these agents was superior to placebo for ACR20 responses in the TNFi-experienced populations.[@b50-ptt-8-031] Both aforementioned studies were conducted prior to the publication of the ASTRAEA trial and the OPAL Broaden (tofacitinib) study; the latter was approved for the treatment of PsA in the United States in 2017.

[Table 1](#t1-ptt-8-031){ref-type="table"} lists data from key non-TNFi RCTs in the treatment of PsA including the results of the ASTRAEA and OPAL Broaden studies. Study outcomes such as ACR20/50, PASI75, and change in baseline HAQ-DI score met statistical significance in all drugs listed except for abatacept. It is important to note that unlike most studies in [Table 1](#t1-ptt-8-031){ref-type="table"}, the ASTRAEA study had a high proportion of participants with prior TNFi exposure, 60% of whom discontinued one or more TNFi drug(s) due to the lack of efficacy.[@b19-ptt-8-031] In the TNFi-naïve subpopulation, abatacept still failed to produce a substantial difference in the ACR50 and ACR70 responses when compared with placebo.[@b19-ptt-8-031] It appears that other available drugs may be more effective in producing more robust improvements in peripheral arthritis. Caution should be taken when comparing results from non-head-to-head RCTs given the varied patient population and study protocol of each trial.

In recent years, more bDMARDs have been approved for the treatment of PsA, and are in use in clinical practice. However, many patients fail to respond to the drugs, develop adverse events while receiving bDMARDs, and in some cases, the drugs lose efficacy after initial treatment, thus illustrating the need for a larger treatment arsenal. Molecular targets approved for RA and not currently approved for PsA include B-cell-, IL-1-, and IL-6-targeted biologics. Clazakizumab, an anti-IL-6 investigational drug, showed some promise in a 2016 Phase II RCT with improvements in PsA activity measures when compared with placebo.[@b51-ptt-8-031] Small open-label studies with anti-IL-1 drug anakinra and anti-CD20 B-cell target rituximab have shown some small improvement in PsA.[@b52-ptt-8-031],[@b53-ptt-8-031] Neither abovementioned molecular targeted therapies are being pursued for use in the treatment of PsA at this time. The IL-23/IL-17 pathway continues to be the focus of future therapies for the treatment of PsA and PSO.

Conclusion
==========

Abatacept is a potential treatment option for a select group of patients with PsA, particularly those with active peripheral arthritis. Although there were trends toward improvement in radiographic progression, enthesitis and dactylitis, abatacept had minimal effects on PSO and should not be first line in those with either moderate-to-severe skin involvement or active axial disease.[@b19-ptt-8-031] Consideration should be given in these patients, particularly those who have failed prior TNF therapy, to newer agents such as secukinumab, ustekinumab, and tofacitinib.
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Data from key Phase III randomized-controlled trials of non-TNFi biologics use in PsA

  Study                          Intervention                 ACR20              ACR50              ACR70              PASI75             Change in HAQ-DI
  ------------------------------ ---------------------------- ------------------ ------------------ ------------------ ------------------ ------------------
  ASTRAEA[@b19-ptt-8-031]        ABT                          ABT 39.4%^\*^      ABT 19.2%          ABT 10.3%          ABT 16.4%          ABT −0.33
  PBO 22.3%                      PBO 12.3%                    PBO 6.6%           PBO 10.1%          PBO −0.2                              
  PSUMMIT 2[@b26-ptt-8-031]      UST                          UST45 43.7%^\*^    UST45 17.5%^\*^    UST45 6.8%         UST45 51.3%^\*^    UST45 −0.13^\*^
  UST90 43.8%^\*^                UST90 22.9%^\*^              UST90 8.6%         UST90 55.6%^\*^    UST90 −0.25^\*^                       
  PBO 20.2%                      PBO 6.7%                     PBO 2.9%           PBO 5%             PBO 0                                 
  FUTURE 2[@b11-ptt-8-031]       SEC                          SEC150 51%^\*^     SEC150 35%         SEC150 21%         SEC150 48%^\*^     SEC150 −0.48
  SEC300 54%^\*^                 SEC300 35%^\*^               SEC300 20%         SEC300 63%^\*^     SEC300 −0.56^\*^                      
  PBO 15%                        PBO 7%                       PBO 1%             PBO16%             PBO −0.31                             
  PALACE 1[@b12-ptt-8-031]       APR                          APR30 36.6%^\*^    APR30 19.9%^\*^    APR30 10.6%^\*^    APR30 21%^\*^      APR30 −0.26^\*^
  PBO 13.3%                      PBO 4.2%                     PBO 0.6%           PBO 4.6%           PBO −0.08                             
  SPIRIT-P1[@b25-ptt-8-031]      IXE ADA (active reference)   IXEQ2W 62.1%^\*^   IXEQ2W 46.6%^\*^   IXEQ2W 34%^\*^     IXEQ2W 79.7%^\*^   IXEQ2W −0.50^\*^
  IXEQ4W 57.9%^\*^               IXEQ4W 40.2%^\*^             IXEQ4W 23.4%^\*^   IXEQ4W 71.2%^\*^   IXEQ4W −0.44^\*^                      
  ADA 57.4%^\*^                  ADA 38.6%^\*^                ADA 25.7%^\*^      ADA 54.4%^\*^      ADA −0.37^\*^                         
  PBO 30.2%                      PBO 15.1%                    PBO 5.7%           PBO 10.4%          PBO −0.18                             
  OPAL Broaden[@b54-ptt-8-031]   TOF ADA (active reference)   TOF 50%^\*^        TOF 28%^\*^        TOF 17%^\*^        TOF 43%^\*^        TOF −0.35^\*^
  ADA 52%                        ADA 33%                      ADA 19%            ADA 39%            ADA −0.38                             
  PBO 33%                        PBO 10%                      PBO 5%             PBO 15%            PBO −0.18                             

**Notes:** Improvements in PsA disease activity, physical function, and psoriasis severity are measured the ACR20/50/70 responses, change in HAQ-DI score, and PASI75 response. All endpoints were tested at study week 24, except for the OPAL Broaden study, which assessed outcomes at month 3. APR is a nonbiologic drug. ACR20/50/70: a minimum of 20, 50, and 70% improvement in the ACR response; PASI75: at least a 75% improvement in the PASI score; ABT: ABT 125 mg SQ weekly; UST45: UST 45 mg at weeks 0 and 4 and then every 12 weeks; UST90: UST 90 mg at weeks 0 and 4 and then every 12 weeks; SEC150: SEC 150 mg SQ weekly for 4 weeks and then every 4 weeks; SEC300: SEC 300 mg SQ weekly for 4 weeks and then every 4 weeks; APR 30: APR at 30 mg by mouth twice daily; IXEQ2W: IXE 160 mg once and then 80 mg SQ every 2 weeks; IXEQ4W: IXE 160 mg once and then 80 mg every 4 weeks; ADA: ADA 40 mg SQ every 2 weeks; TOF: TOF at 5 mg BID. ^\*^Statistically significant results of each intervention when compared with placebo.

**Abbreviations:** ABT, abatacept; ACR, American College of Rheumatology; ADA, adalimumab; APR, apremilast; HAQ-DI, Health Assessment Questionnaire Disability Index; IXE, ixekizumab; PASI, Psoriasis Area-and-Severity Index; PBO, placebo; PsA, psoriatic arthritis; SEC, secukinumab; SQ, subcutaneous; TNFi, tumor necrosis factor inhibitor; TOF, tofacitinib; UST, ustekinumab.
